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JAPANESE PATENT LAID-OPEN PUBLICATION NO. HEISEI 8-306853 

[TITLE OF THE INVENTION] 
SEMICONDUCTOR DEVICE, FABRICATION METHOD THEREOF, 
AND FABRICATION METHOD FOR LEAD FRAME 

[CLAIMS] 

1. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
such a fashion that they have a second pitch different from the 
first pitch; and 

the resin encapsulate is arranged to encapsulate the 
wiring connected between the electrode pads and the leads while 
allowing the protrusions to be exposed. 

2. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semi conductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
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such a fashion that they have a second pitch different froir, the 
first pitch; and 

the resin encapsulate has a thickness from a surface of 
the semiconductor chip formed with the electrode pads no-, more 
than a height from the semiconductor chip surface to each 
protrusion, but not less than the height from the semiconductor 
chip surface to the wiring. 

3. The semiconductor device according to claim 1 or 2, 
wherein the semiconductor chip and the leads are bonded together 
by an adhesive comprised of a polyimide film. 

4. The semiconductor device according to any one of 
claims 1 to 3, wherein each of the protrusions is formed in such 
a fashion that it is integrally with an associated one of the 
leads . 

5. The semiconductor device according to any one of 
claims 1 to 4, wherein the wiring comprises wires. 

6. The semiconductor device according to any one of 

claims 1 to 5, wherein each of the protrusions is formed with a 
bump . 



20 7 - A method for fabricat 



ing a semiconductor device 
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comprising the steps of: 

forming leads each provided with a protrusion at a region 
where an outer connecting terminal is to be formed; 

arranging a polyimide film on at least one of the leads 
and the semiconductor chip, pressing the leads and the 
semiconductor chip by a desired pressure while interposing the 
polyimide film between the leads and the semiconductor chip, and 
heating the polyimide film to a desired temperature to allow the 
polyimide film to serve as an adhesive, thereby bonding the 
leads and the semiconductor chip together; 

connecting the electrode pads formed on the semiconductor 
chip to the leads by a wiring, respectively, thereby 
electrically connecting the electrode pads and the leads 
together; and 

forming a resin encapsulate adapted to partially or 
completely encapsulating the wiring and the semiconductor chip 
while allowing each of the protrusions to be exposed at a tip 
surface thereof. 



8. The method according to claim 7, wherein a 
thermoplastic adhesive is applied to both surfaces of the 
polyimide film when the leads and the semiconductor chip are 
bonded together by the polyimide film at the bonding step. 

9. The method according to claim 7 or 8, wherein the 
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electrode pads and the leads are electrically connected togethe: 
using a direct lead bonding process at the connecting step. 

10. A lead frame provided with a plurality of leads each 
having an inner lead portion and an outer lead portion, wherein 
the inner lead portion have a lead pitch less than a lead 
Pitch of the outer lead portions, and each of the outer lead 
portion has a protrusion integrally formed therewith. 

U. The lead frame according to claim 10, wherein the 
lead pitch (Pout) of the outer lead portions is substantially 
equal to the thickness (W , of each lead at a region where the 
Protrusion is formed, and the lead pitch (Pin) of the inner lead 
portions corresponds to about half the lead pitch (Pout, of the 
outer lead portions (Pin = Pout/2). 

12. A method for fabricating a lead frame according to 
claim 10 or 11, comprising: 

a primary etching step for conducting a half-etching 
Process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and 

a secondary etching step for conducting a half-etching 
Process for the blank while using a mask arranged on the blank 
at the lead forming region. 
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13. A method for fabricating a lead frame according to 
claim 10 or 11, comprising the steps of: 

preparing a first blank and a second blank respectively 
having thicknesses selected in such a fashion that they have a 
total thickness corresponding to the height of the protrusions 
when they are overlapped with each other; 

forming a lead pattern having a planar shape 
corresponding to the shape of the leads on the first blank; 

forming a protrusion pattern on the second blank in such 
a fashion that the protrusion pattern is arranged at the 
protrusion forming region; 

overlapping the first blank formed with the lead pattern 
and the second blank formed with the protrusion pattern 
together, and bonding the first and second blanks to each other 
in such a fashion that the lead pattern and the protrusion 
pattern are overlapped with each other at the protrusion forming 
region; and 

removing unnecessary portions of the first and second 

blanks . 



14. A method for fabricating a lead frame according to 
claim 10 or 11 comprising the steps of: 

forming a lead pattern having a planar shape 
corresponding zo a shape of the leads on a blank; and 

forming the protrusions at a desired region on the lead 
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pattern after completion of the lead pattern forming step. 

lb. The method according to claim 14, wherein the 
protrusion forming step is achieved by overlapping one cr more 
bumps on the lead pattern at a desired region to form the 
protrusion. 

16. The method according to claim 14, wherein the 
protrusion forming step is achieved by arranging a conductive 
member on the lead pattern at a desired region to form the 
protrusion . 

17. The method according to claim 14, wherein the 
protrusion forming step is achieved by subjecting a desired 
portion of the lead pattern to a plastic shaping process to form 
the protrusion. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 

The present invention relates to a semiconductor device, 
a method for fabricating the semiconductor device, and a method 
for fabricating a lead frame used in the semiconductor device, 
in particular, the present invention relates to a semiconductor 
device hav in g a structure encapsulating a semiconductor chip and 
leads by resin, a method for fabricating the semiconductor 
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device, and a method for fabricating a lead frame used in the 
semiconductor device. 

The recent trend of electronic appliances to be down- 
sized has resulted in efforts to achieve an increased density 
and increased mounting efficiency of semiconductor devices. I t 
is also expected to obtain an improvement in the reliability of 
electronic appliances. m addition, there is demand for an 
improvement in the reliability of semiconductor devices. 
Furthermore, it is expected for semiconductor devices to achieve 
a reduction in costs. 

Accordingly, developments of semiconductor devices 
capable of satisfying the above mentioned demands are strongly 



required. 



15 [DESCRIPTION OF THE PRIOR ART] 

Recently, a flip chip type mounting structure has been 
Proposed as a scheme capable of achieving a high-density 
mounting. Such a flip chi p type mounting structure is widely 
used in multi chip modules (MCMs, . m accordance with the flip 
chip mounting scheme applied to MCM s, no resin encapsulate is 
formed, instead, bumps are formed on electrode pads of a 
semiconductor chip (bare chip), respectively, m this case, 
mounting of the bare chip is achieved by bonding the bare chip 
- electrode portions formed on a circuit board .mother board) 
in a face down bonding fashion. 
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in accordance with the use of the flip chi p type mounting 
structure, it is possible to mount semiconductor devices on a 
mother board at a high density. An improvement in electrical 
characteristics is also achieved because the semiconductor 
devices are electrically connected to the mother board by means 
of bumps directly formed on the bare chips of the semiconductor 



devices . 



[SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

However, the bar e chips „„, encapsulated by resin involve 
prohie-e i„ that they exhiblt , degrada;ion , n res . stancei 

»ech,„icei !t ren 9 th. end teapereture residence, furthers., 
since huisps aie directly f or„ed on electrode peds forced on eecn 
»ere chip, the l ay out o£ the el , ctrMe p ^ ^ ^ ^ 

chip i. rendered to he the leyout of outer conn.ctin, tercels 
(bumps) as it is. 

Generally, semiconductor chips have different layouts of 
electrode pads thereof in accordance with the manufacturers 
thereof. Accordingly, even for semiconductor devices having the 
same function, the user should design a wiring pattern of the 
mother board to match the kind of those semiconductor devices 
(manufacturer), m the conventional mounting structure using 
bare chips, there are problems of a degradation in the matching 
ability of semiconductor devices to the .other board and an 
increased burden to the user because no standardization for 
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outer electrode terminals of semiconductor devices is made. 

In order to solve the above mentioned problems, the 
standardization may probably be made by processing the surface 
of a chip and forming a wiring on the processed chip surface. 
However, this scheme requires a number of processes with a high 
accuracy to form a desired wiring. Furthermore, there are 
problems of an increase in costs and a degradation in the 
efficiency of production. 

The present invention has been made in view of the above 
mentioned problems, and an object of the invention is to provide 
a semiconductor device, a method for fabricating the 
semiconductor device, and a method for fabricating a lead frame 
used in the semiconductor device, which are capable of achieving 
a standardization of outer electrode terminals to keep the 
reliability of a semiconductor chip used, a reduction in costs, 
and an improvement in the efficiency of production. 

[MEANS FOR SOLVING THE SUBJECT MATTERS] 

The above subject matters can be solved by the following 

means . 

The invention of claim 1 is characterized by a 
semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a waring, 
respectively, and a resin encapsulate for encapsulating the 
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semiconductor chip, wherein: protrusions are formed on the 
leads, respectively, in such a fashion that they have a second 
Pitch different from the first pitch; and the resin encapsulate 
is arranged to encapsulate the wiring connected between the 
electrode pads and the leads while allowing the protrusions to 
be exposed. 

The invention of claim 2 is characterized by a 
semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: protrusions are formed on the 
leads, respectively, in such a fashion that they have a second 
pitch different from the first pitch; and the resin encapsulate 
has a thickness from a surface of the semiconductor chip formed 
with the electrode pads not more than a height from the 
semiconductor chip surface to each protrusion, but not less than 
the height from the semiconductor chip surface to the wiring. 

The invention of claim 3 is characterized by the 
semiconductor device according to claim 1 or 2, wherein the 
semiconductor chip and the leads are bonded together by an 
adhesive comprised of a polyimide film. 

The invention of claim 4 is characterized by the 
semiconductor device according to any one of claims 1 to 3, 
wherein each of the protrusions is formed in such a fashion that 



5?1 562 



10 



M-S599 US 
8-306853 



it is integrally with an associated one of the leads. The 
invention of claim 5 is characterized by the semiconductor 
device according to any one of claims 1 to 4, wherein the wirin 
comprises wires. 

The invention of claim 6 is characterized by the 
semiconductor device according to any one of claims 1 to 5, 
wherein each of the protrusions is formed with a bump. The 
invention of claim 4 is characterized by a method for 
fabricating a semiconductor device comprising the steps of: 
forming leads each provided with a protrusion at a region where 
an outer connecting terminal is to be formed; arranging a 
polyimide film on at least one of the leads and the 
semiconductor chip, pressing the leads and the semiconductor 
chip by a desired pressure while interposing the polyimide film 
between the leads and the semiconductor chip, and heating the 
polyimide film to a desired temperature to allow the polyimide 
film to serve as an adhesive, thereby bonding the leads and the 
semiconductor chip together; connecting the electrode pads 
formed on the semiconductor chip to the leads by a wiring, 
respectively, thereby electrically connecting the electrode pads 
and the leads together; and forming a resin encapsulate adapted 
to partially or completely encapsulating the wiring and the 
semiconductor chip while allowing each of the protrusions to be 
exposed at a tip surface thereof. 

The invention of claim 8 is characterized by the method 
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according to claim 7, wherein a thermoplastic adhesive is 
applied to both surfaces of the polyimide film when the leads 
and the semiconductor chip are bonded together by the polyimide 
film at the bonding step. 

The invention of claim 9 is characterized by the method 
according to claim 7 or 8, wherein the electrode pads and the 
leads are electrically connected together using a direct lead 
bonding process at the connecting step. 

The invention of claim 10 is characterized by a lead 
frame provided with a plurality of leads each having an inner 
lead portion and an outer lead portion, wherein the inner lead 
portion have a lead pitch less than a lead pitch of the outer 
lead portions, and each of the outer lead portion has a 
protrusion integrally formed therewith. 

The invention of claim 11 is characterized by the lead 
frame according to claim 10, wherein the lead pitch (Pout) of 
the outer lead portions is substantially equal to the thickness 
(W ) of each lead at a region where the protrusion is formed, 
and the lead pitch (Pin) of the inner lead portions corresponds 
to about half the lead pitch (Pout) of the outer lead portions 
(Pin = Pout/2). The invention of claim 12 is characterized by a 
method for fabricating a lead frame according to claim 10 or 11, 
comprising: a primary etching step for conducting a half-etching 
process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and a secondary etching step for 
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conducting a half-etching process for the blank while using a 
mask arranged on the blank at the lead forming region. 

The invention of claim 13 is characterized by a method 
for fabricating a lead frame according to claim 10 or li, 
comprising the steps of: preparing a first blank and a second 
blank respectively having thicknesses selected in such a fashion 
that they have a total thickness corresponding to the height of 
the protrusions when they are overlapped with each other; 
forming a lead pattern having a planar shape corresponding to 
the shape of the leads on the first blank; forming a protrusion 
pattern on the second blank in such a fashion that the 
protrusion pattern is arranged at the protrusion forming region; 
overlapping the first blank formed with the lead pattern and the 
second blank formed with the protrusion pattern together, and 
bonding the first and second blanks to each other in such a 
fashion that the lead pattern and the protrusion pattern are 
overlapped with each other at the protrusion forming region; and 
removing unnecessary portions of the first and second blanks. 

The invention of claim 14 is characterized by a method 
for fabricating a lead frame according to claim 10 or 11 
comprising the steps of: forming a lead pattern having a planar 
shape corresponding to a shape of the leads on a blank; and 
forming the protrusions at a desired region on the lead pattern 
after completion of the lead pattern forming step. 

The invention of claim 15 is characterized by the method 



M-S599 US 
8-306B53 



10 



15 



20 



25 



according to claim 14, wherein the protrusion forming step is 
achieved by overlapping one or more bumps on the lead pattern a; 
a desired region to form the protrusion. 

The invention of claim 16 is characterized by the method 
according to claim 14, wherein the protrusion forming step is 
achieved by arranging a conductive member on the lead pattern at 
a desired region to form the protrusion. 

The invention of claim 17 is characterized by the method 
according to claim 14, wherein the protrusion forming step is 
achieved by subjecting a desired portion of the lead pattern to 
a plastic shaping process to form the protrusion. 

[FUNCTIONS] 

Each of the above mentioned means serves as follows. 
In accordance with the invention of claims 1 and 2, it is 
possible to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Since the 
electrode pads and leads are connected together using wires, it 
is possible to set the layout of the leads irrespective of the 
layout of the electrode pads. An improvement in the matching 
ability of the semiconductor device to the circuit board. The 
resin encapsulate provides an improvement in reliability because 
it surely protects the connected wires. Since the outer 
connecting terminals are exposed from the resin encapsulate, the 
electrical connection of the semiconductor device to the circuit 
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board can be surely provided. 

In accordance with the invention of claim 3, the 
insulating and bonding processes for the semiconductor chip and 
leads can be simultaneously conducted because the poiyimide 
film, as an insulating member, interposed between the 
semiconductor chip and the leads serves as an adhesive. 
Accordingly, it is possible to simplify the structure of the 
semiconductor device while achieving an easy fabrication of the 
semiconductor device, as compared to the case in which the 
insulating member and the adhesive are separately provided. 

In accordance with the invention of claim 4, each 
protrusion is integrally formed with an associated one of the ' 
leads. Accordingly, it is possible to achieve a simplification 
in structure, as compared to the case in which the protrusion 
and lead are formed using separate materials, respectively, m 
accordance with the invention of claim 5, a wire is used for the 
connection between the electrode pad and lead. Accordingly, it 
is possible to achieve an easy connection for the wire between 
the electrode pad and lead. 

In accordance with the invention of claim 6, a bump is 
formed on each protrusion. Accordingly, it is possible to 
achieve an easy connection of the semiconductor device to the 
circuit board, as compared to the case in which the protrusion 
is directly mounted on the circuit board. in accordance with 
the invention of claim 7, the leads and semiconductor chip are 
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bonded together by maintaining the polyimide film at a certain 
temperature and a certain pressure, thereby causing the 
polyimide film to serve as an adhesive. Accordingly, the 
insulating and bonding processes for the leads and semiconductor 
chip can be simultaneously conducted. 

Since each electrode pad formed on the semiconductor chip 
is connected to an associated one of the leads by means of a 
wire in the bonding process, it is possible to vary the layout 
of the leads with respect to the layout of the electrode pads by 
selecting an appropriate connection method. The fabrication of 
the semiconductor device involves only four processes, that is, 
a lead forming process, a bonding process, a connecting process, 
and a resin encapsulating process. Since the fabrication of 
semiconductor device is achieved using a reduced number of 
processes, as mentioned above, an improvement in production 
efficiency is obtained. 

In accordance with the invention of claim 8, an easy 
bonding process can be achieved because the bonding process can 
be conducted without a control for the temperature applied to 
the polyimide film within a desired range. 

In accordance with the invention of claim 9, the 
connection between the electrode pads and the leads can be 
simply and surely achieved because the electrode pads and leads 
are electrically connected together in accordance with a direct 
25 lead bonding process. m accordance with the invention of claim 
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10 and 11, the lead pitch of the outer lead portions is less 
than the lead pitch of the inner lead portions. Accordingly, 
the inner leads can cope with a small pitch of the electrode 
pads on the semiconductor chip to which the inner lead portions 
are electrically connected. Furthermore, the mounting 
efficiency of the semiconductor device to the circuit board is 
improved because the lead pitch of the outer lead portions 
electrically connected to the circuit board is large. Since 
each protrusion is formed on an associated one of the outer lead 
portions, it can be used as an outer connecting terminal. 
Accordingly, it further improves the mounting efficiency. 

In accordance with the invention of claim 12, it is 
possible to form leads each integrally formed with a protrusion 
by conducting a primary etching process for the blank in 
accordance with a half-etching method in such a fashion that the 
blank has a reduced thickness at its portion except for the 
region to be formed with the protrusions and then conducting a 
secondary etching process for the thickness-reduced portion of 
the blank to form the leads. 

The pitch of the leads is determined by the thickness of 
the blank upon forming the leads. in other words, it is only 
possible to form leads having a pitch substantially equal to the 
thickness of the blank. Accordingly, a reduced lead pitch can 
be obtained when the blank has a reduced thickness. 

Meanwhile, where leads provided with protrusions are 
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formed, the thickness of the blank is determined by the height 
of the protrusions, it is impossible to form leads having a 
small pitch by simply etching the blank having a thickness equal 
to the height of the protrusions. in accordance with the 
present invention, however, it is possible to form leads having 
a small pitch, even when the leads have a structure provided 
with protrusions, by conducting a primary etching process for 
the blank in accordance with a half-etching method in such a 
fashion that the blank has a reduced thickness at its portion 
except for the region to be formed with the protrusions, and 
then conducting a secondary etching process for the thickness- 
reduced portion of the blank to form the leads. As apparent 
from the above description, the pitch of the protrusions can be 
reduced to a pitch substantially equal to the thickness of the 



blank. 
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in accordance with the invention of claim 13, the first 
and second blanks have thicknesses respectively selected in such 
a fashion that they have a total thickness corresponding to the 
height of the protrusions when they are overlapped with each 
other. For this reason> each of ^ f . rst secQnd h ^ 

a thickness less than the height of the protrusions. i„ the 
lead pattern forming step, a lead pattern having the same shape 
as the whole shape of the leads is formed on the thin first 
bl-k. Accordingly, it is possible to reduce the lead pitch of 
the lead pattern formed in accordance with the above mentioned 
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relation between the blank thickness and lead pitch. 

In the protrusion pattern forming step, a protrusion 
Pattern is formed on the second blank in such a fashion that it 
is arranged at the protrusion forming region, m the bonding 
step, the first and second blanks are bonded together in a state 
in which they are overlapped with each other. The lead pattern 
and protrusion pattern are overlapped with each other at the 
protrusion forming region. The blank thickness at the 
protrusion forming region corresponds to a desired height of the 
Protrusions. At the removing step, unnecessary portions of the 
blanks are removed, thereby forming leads. 

Accordingly, a reduction in lead pitch is achieved 
because the thickness of the blank used in the formation of the 
lead pattern is small. On the other hand, since the lead 
Pattern and protrusion pattern are overlapped with each other at 
the protrusion forming region, it is possible to form 
Protrusions having a desired thickness. m accordance with the 
.invention of claim U. the lead pattern forming step and the 
Protrusion forming step are conducted in a separate fashion. 
Accordingly, the thxckness of a blank used can be selected 
irrespective of the height of the protrusion. Therefore, it is 
Possible to reduce the pitch of a lead pattern when a thin blank 
- used. m the protrusion forming process, it is possible to 
for, protrusions hav lng an optional height. An improvement in 
the freedom of design is also achieved. 
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